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Description
TECHNICAL FIELD

[0001] The presentinvention relates to aninspecting method for measuring the concentration of a chemical substance.
Further, the present invention relates to an inspecting instrument and an inspecting device that are used for measuring
the concentration of a chemical substance.

BACKGROUND ART

[0002] A method for measuring the concentration of a biological material such as endotoxin has been known.
[0003] For example, Patent Document 1 below discloses a method for measuring the concentration of endotoxin by
measuring, according to an interference enhanced reflection method (IER method), the film thickness of a gel film formed
through a reaction of LAL reagent with endotoxin.

[0004] Patent Document 2 below discloses a method for measuring the concentration of endotoxin or $-D-glucan. In
this inspecting method, a sample solution that contains a coagulin monomer or an aggregate thereof produced through
a reaction of LAL reagent with endotoxin or -D-glucan is irradiated with light, and the intensity of the resulting scattered
light is measured to measure the concentration of the endotoxin or the $-D-glucan.

[0005] Patent Document 3 below discloses an inspecting instrument used for measuring the concentration of a test
substance. This inspecting instrument includes a compound capable of producing a granular substance through a
reaction with the test substance, or a compound that is capable of being bound with the test substance and is a granular
substance. The inspecting instrument also includes a wall having a periodic structure on a surface thereof. In Patent
Document 3, the concentration of the test substance is measured by introducing a test substance-containing solution
containing the test substance and water into the inspecting instrument, removing the water, and then irradiating a surface
of the periodic structure with light.

Related Art Documents
Patent Documents
[0006]

Patent Document 1: JP 2007-327946 A
Patent Document 2: JP 2010-032436 A
Patent Document 3: WO 2017/138595 A1

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] In recent years, the concentration of a biological material such as endotoxin is being required to be measured
with much higher accuracy. The conventional methods described in Patent Documents 1 and 2, however, have difficulty
measuring the concentration of endotoxin at, for example, 0.001 EU/ml or less with high accuracy.

[0008] The inspecting instrument described in Patent Document 3 is capable of measuring the concentration of a
biological material with high accuracy. For example, in the examples of Patent Document 3, the concentration of endotoxin
at around 0.001 EU/mI and the concentration of a test substance such as a protein at around 10 pg/ml are measured
with high accuracy. However, the concentration of a test substance ata concentration further lower than the concentrations
of the test substances measured in the examples of Patent Document 3 is being required to be measured with high
accuracy.

[0009] In Patent Document 3, the water is removed after the test substance-containing solution containing the test
substance and the water is introduced into the inspecting instrument. Then, in order to measure the concentration of
the test substance while the water has been removed, the surface of the periodic structure in the inspecting instrument
is irradiated with light. Such a measuring method requires an operation for removing a liquid such as water and prolongs
the time for obtaining a measurement result.

[0010] The inventors of the present invention have studied about an inspecting instrument capable of measuring the
concentration of a test substance with high accuracy while a test substance-containing solution containing the test
substance and a liquid are present. The inventors of the present invention have found that when the concentration of
the test substance is significantly low (for example, a test substance such as a protein at a level of fg/ml), the inspecting
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instrument described in Patent Document 3 has difficulty measuring the concentration of the test substance in the liquid
and measuring the concentration of the test substance with high accuracy.

[0011] An object of the present invention is to provide an inspecting method and an inspecting instrument that are
capable of measuring the concentration of a test substance in a liquid and measuring the concentration of a test substance
with high accuracy. Another object of the present invention is to provide an inspecting method using the inspecting
instrument.

MEANS FOR SOLVING THE PROBLEMS

[0012] According to a broad aspect of the present invention, provided is an inspecting method for measuring, using
a test substance-containing solution containing a test substance and a liquid, a concentration of the test substance,
which is contained in the test substance-containing solution, in the liquid, the inspecting method using an inspecting
instrument, the inspecting instrument including a wall that has a periodic structure resulting from a plurality of recesses
or a plurality of protrusions, the plurality of recesses or the plurality of protrusions including a refractive index adjusting
layer on surfaces thereof, the refractive index adjusting layer being a layer having a refractive index of 0.7 or more
greater than a refractive index of the test substance-containing solution or being a silicon layer, the inspecting method
including the steps of: measuring a reference light intensity by irradiating the periodic structure with light while the liquid
has been introduced into the inspecting instrument; measuring an evaluation light intensity by irradiating the periodic
structure with light while the test substance-containing solution has been introduced into the inspecting instrument and
the test substance and the liquid are present; and acquiring a relative value between the reference light intensity and
the evaluation light intensity, and the inspecting method comparing the relative value obtained when a specimen with a
known concentration of the test substance is introduced into the inspecting instrument, to the relative value obtained
when a specimen with an unknown concentration of the test substance is introduced into the inspecting instrument, to
determine the concentration of the test substance in the specimen with the unknown concentration of the test substance.
[0013] In a particular aspect of the inspecting method according to the present invention, the inspecting instrument
includes a compound capable of producing a granular substance through a reaction with the test substance, or a
compound thatis capable of being bound with the test substance and is a granular substance, and in the step of measuring
the evaluation light intensity, the evaluation light intensity is measured by irradiating the periodic structure with light while
the test substance-containing solution has been introduced into the inspecting instrument and the granular substance
is deposited on the refractive index adjusting layer.

[0014] In a particular aspect of the inspecting method according to the present invention, the refractive index adjusting
layer is the layer having a refractive index of 0.7 or more greater than the refractive index of the test substance-containing
solution.

[0015] In a particular aspect of the inspecting method according to the present invention, the refractive index adjusting
layer is the silicon layer.

[0016] In a particular aspect of the inspecting method according to the present invention, the silicon layer is a monoc-
rystalline silicon layer, a polycrystalline silicon layer, a microcrystalline silicon layer, or an amorphous silicon layer.
[0017] In a particular aspect of the inspecting method according to the present invention, the silicon layer is the
amorphous silicon layer.

[0018] Ina particular aspect of the inspecting method according to the present invention, the test substance-containing
solution is a solution containing a biological sample.

[0019] According to a broad aspect of the present invention, provided is an inspecting instrument used for measuring,
using a test substance-containing solution containing a test substance and a liquid, a concentration of the test substance,
which is contained in the test substance-containing solution, in the liquid, the inspecting instrument including a wall that
has a periodic structure resulting from a plurality of recesses or a plurality of protrusions, the plurality of recesses or the
plurality of protrusions including a refractive index adjusting layer on surfaces thereof, and the refractive index adjusting
layer being a layer having a refractive index greater than a refractive index of the test substance-containing solution or
being a silicon layer.

[0020] In a particular aspect of the inspecting instrument according to the present invention, the refractive index
adjusting layer is the layer having a refractive index greater than the refractive index of the test substance-containing
solution.

[0021] In a particular aspect of the inspecting instrument according to the present invention, the refractive index
adjusting layer is a layer having a refractive index of 0.7 or more greater than the refractive index of the test substance-
containing solution.

[0022] In a particular aspect of the inspecting instrument according to the present invention, the refractive index
adjusting layer is a layer having a refractive index of 1.8 or more.

[0023] In a particular aspect of the inspecting instrument according to the present invention, the refractive index
adjusting layer contains a metallic element.
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[0024] In a particular aspect of the inspecting instrument according to the present invention, the refractive index
adjusting layer is the silicon layer.

[0025] In a particular aspect of the inspecting instrument according to the present invention, the silicon layer is a
monocrystalline silicon layer, a polycrystalline silicon layer, a microcrystalline silicon layer, or an amorphous silicon layer.
[0026] In a particular aspect of the inspecting instrument according to the present invention, the silicon layer is the
amorphous silicon layer.

[0027] In a particular aspect of the inspecting instrument according to the present invention, the refractive index
adjusting layer has an average thickness of 1 nm or more and 100 nm or less.

[0028] In a particular aspect of the inspecting instrument according to the present invention, the inspecting instrument
includes a compound capable of producing a granular substance through a reaction with the test substance, or a
compound that is capable of being bound with the test substance and is a granular substance.

[0029] In a particular aspect of the inspecting instrument according to the present invention, the compound is not in
contact with the refractive index adjusting layer and is disposed at a position away from the refractive index adjusting layer.
[0030] In aparticular aspect of the inspecting instrument according to the present invention, the compound is disposed
on a surface of the refractive index adjusting layer.

[0031] In a particular aspect of the inspecting instrument according to the present invention, when the inspecting
instrument includes the compound capable of producing a granular substance through a reaction with the test substance,
the compound capable of producing a granular substance through a reaction with the test substance is a compound
capable of producing a granular substance in aggregation through a reaction with the test substance, and when the
inspecting instrument includes the compound that is capable of being bound with the test substance and is a granular
substance, the compound that is capable of being bound with the test substance and is a granular substance is a
compound that is bound with the test substance and is thus capable of producing a granular substance in aggregation.
[0032] In a particular aspect of the inspecting instrument according to the present invention, the inspecting instrument
includes the compound that is capable of being bound with the test substance and is a granular substance, the test
substance contains an antigen, and the compound contains an antibody.

[0033] In a particular aspect of the inspecting instrument according to the present invention, the inspecting instrument
includes the compound capable of producing a granular substance through a reaction with the test substance, the test
substance is glycolipid, and the compound is an enzyme capable of being reacted with the glycolipid.

[0034] In a particular aspect of the inspecting instrument according to the invention, the inspecting instrument includes
the compound capable of producing a granular substance through a reaction with the test substance, the test substance
is endotoxin, and the compound is LAL reagent.

[0035] In a particular aspect of the inspecting instrument according to the present invention, the test substance-
containing solution is a solution containing a biological sample.

[0036] In a particular aspect of the inspecting instrument according to the present invention, the inspecting instrument
is a microchip.

[0037] According to a broad aspect of the present invention, provided is an inspecting device including the inspecting
instrument described above, a light source for irradiating the periodic structure in the inspecting instrument with light,
and a measuring device for measuring an intensity of light emitted from the light source and reflected on the periodic
structure.

EFFECTS OF THE INVENTION

[0038] An inspecting method according to the present invention is an inspecting method for measuring, using a test
substance-containing solution containing a test substance and a liquid, a concentration of the test substance, which is
contained in the test substance-containing solution, in the liquid. The inspecting method according to the presentinvention
is an inspecting method using an inspecting instrument. In the inspecting method according to the present invention,
the inspecting instrument includes a wall that has a periodic structure resulting from a plurality of recesses or a plurality
of protrusions, and the plurality of recesses or the plurality of protrusions include a refractive index adjusting layer on
surfaces thereof. In the inspecting method according to the present invention, the refractive index adjusting layer is a
layer having a refractive index of 0.7 or more greater than a refractive index of the test substance-containing solution
oris a silicon layer. The inspecting method according to the present invention includes a step of measuring a reference
light intensity by irradiating the periodic structure with light while the liquid has been introduced into the inspecting
instrument. The inspecting method according to the present invention includes a step of measuring an evaluation light
intensity by irradiating the periodic structure with light while the test substance-containing solution has been introduced
into the inspecting instrument and the test substance and the liquid are present. The inspecting method according to
the present invention includes a step of acquiring a relative value between the reference light intensity and the evaluation
light intensity. In the inspecting method according to the present invention, the relative value obtained when a specimen
with a known concentration of the test substance is introduced into the inspecting instrument is compared to the relative
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value obtained when a specimen with an unknown concentration of the test substance is introduced into the inspecting
instrument, to determine the concentration of the test substance in the specimen with the unknown concentration of the
test substance. The inspecting method according to the present invention configured as described above is capable of
measuring the concentration of the test substance in the liquid and measuring the concentration of the test substance
with high accuracy.

[0039] An inspecting instrument according to the present invention is an inspecting instrument used for measuring,
using a test substance-containing solution containing a test substance and a liquid, a concentration of the test substance,
which is contained in the test substance-containing solution, in the liquid. The inspecting instrument according to the
present invention includes a wall that has a periodic structure resulting from a plurality of recesses or a plurality of
protrusions, and the plurality of recesses or the plurality of protrusions include a refractive index adjusting layer on
surfaces thereof. In the inspecting instrument according to the present invention, the refractive index adjusting layer is
a layer having a refractive index greater than a refractive index of the test substance-containing solution or is a silicon
layer. Theinspecting instrument according to the presentinvention configured as described above is capable of measuring
the concentration of the test substance in the liquid and measuring the concentration of the test substance with high
accuracy.

BRIEF DESCRIPTION OF DRAWINGS
[0040]

[Fig. 1] Fig. 1 is a front sectional view of an inspecting instrument according to a first embodiment of the present
invention.

[Fig. 2] Fig. 2 is a plan view of the inspecting instrument according to the first embodiment of the present invention.
[Fig. 3] Fig. 3 is an enlarged front sectional view of an inspecting instrument according to a second embodiment of
the present invention.

[Fig. 4] Fig. 4 is a front sectional view of an inspecting instrument according to a third embodiment of the present
invention.

[Fig. 5] Fig. 5 is a plan view of the inspecting instrument according to the third embodiment of the present invention.
[Fig. 6] Fig. 6 is an enlarged front sectional view of an inspecting instrument according to a fourth embodiment of
the present invention.

[Fig. 7] Fig. 7 is a front sectional view for describing one example of an inspecting method using the inspecting
instrument according to the first embodiment of the present invention.

[Fig. 8] Fig. 8 is an enlarged front sectional view for describing the one example of the inspecting method using the
inspecting instrument according to the first embodiment of the present invention.

[Fig. 9] Fig. 9 is an enlarged front sectional view for describing the one example of the inspecting method using the
inspecting instrument according to the first embodiment of the present invention.

[Fig. 10] Fig. 10 is an enlarged front sectional view for describing one example of the inspecting method using the
inspecting instrument according to the first embodiment of the present invention.

[Fig. 11] Fig.11 is an enlarged front sectional view for describing one example of an inspecting method using the
inspecting instrument according to the fourth embodiment of the present invention.

[Fig. 12] Fig. 12 is an enlarged front sectional view for describing a modified example of the inspecting method
illustrated in Fig. 11.

[Fig. 13] Fig. 13 is a schematic view of an inspecting device according to the first embodiment of the present invention.
[Fig. 14] Fig. 14 is a schematic view of an inspecting device according to the second embodiment of the present
invention.

[Fig. 15] Fig. 15 is a graph illustrating a relationship between the concentration of cystatin C and the wavelength
shift between reflection spectra in Example 1 and Comparative Example 1.

[Fig. 16] Fig. 16 is a graph illustrating a relationship among the average thickness of a refractive index adjusting
layer, the wavelength of a spectrum, and the reflected light intensity in Examples 3 and 4 and Comparative Example 2.
[Fig. 17] Fig. 17 is a graph illustrating a relationship between the concentration of cystatin C and the wavelength
shift between reflection spectra in Example 5.

[Fig. 18] Fig. 18 is a graph illustrating a relationship, which is obtained by simulations, between the radius of pro-
trusions or recesses in a periodic structure of a wall and the wavelength of a photonic band gap of the periodic
structure of the wall.

[Fig. 19] Fig. 19 is a graph illustrating a relationship, which is obtained by simulations, between the radius of pro-
trusions in periodic structures of walls and the inclination of a plurality of approximate straight lines.

[Fig. 20] Fig. 20 is a graph illustrating a relationship, which is obtained by simulations, between the radius of pro-
trusions in periodic structures of walls and the inclination of a plurality of approximate straight lines.
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MODES FOR CARRYING OUT THE INVENTION

[0041] Hereinafter, the present invention is described in detail.

[0042] An inspecting method according to the present invention is an inspecting method for measuring, using a test
substance-containing solution containing a test substance and a liquid, a concentration of the test substance, which is
contained in the test substance-containing solution, in the liquid. The inspecting method according to the presentinvention
is an inspecting method using an inspecting instrument. In the inspecting method according to the present invention,
the inspecting instrument includes a wall that has a periodic structure resulting from a plurality of recesses or a plurality
of protrusions, and the plurality of recesses or the plurality of protrusions include a refractive index adjusting layer on
surfaces thereof. Accordingly, the wall includes the refractive index adjusting layer. In the inspecting method according
to the present invention, the refractive index adjusting layer is a layer having a refractive index of 0.7 or more greater
than a refractive index of the test substance-containing solution or is a silicon layer. The inspecting method according
to the present invention includes a step of measuring a reference light intensity by irradiating the periodic structure with
light while the liquid has been introduced into the inspecting instrument. The inspecting method according to the present
invention includes a step of measuring an evaluation light intensity by irradiating the periodic structure with light while
the test substance-containing solution has been introduced into the inspecting instrument and the test substance and
the liquid are present. The inspecting method according to the present invention includes a step of acquiring a relative
value between the reference light intensity and the evaluation light intensity. In the inspecting method according to the
present invention, the relative value obtained when a specimen with a known concentration of the test substance is
introduced into the inspecting instrument is compared to the relative value obtained when a specimen with an unknown
concentration of the test substance is introduced into the inspecting instrument, to determine the concentration of the
test substance in the specimen with the unknown concentration of the test substance.

[0043] An inspecting instrument according to the present invention is an inspecting instrument used for measuring,
using a test substance-containing solution containing a test substance and a liquid, a concentration of the test substance,
which is contained in the test substance-containing solution, in the liquid. The inspecting instrument according to the
present invention includes a wall that has a periodic structure resulting from a plurality of recesses or a plurality of
protrusions, and the plurality of recesses or the plurality of protrusions include a refractive index adjusting layer on
surfaces thereof. Accordingly, the wall includes the refractive index adjusting layer. In the inspecting instrument according
to the present invention, the refractive index adjusting layer is a layer having a refractive index greater than a refractive
index of the test substance-containing solution or is a silicon layer.

[0044] The inspecting instrument and the inspecting method according to the present invention that are configured as
described above are capable of measuring the concentration of the test substance in the liquid and measuring the
concentration of the test substance with high accuracy. The inspecting instrument and the inspecting method according
to the present invention that do not require removal of the liquid before the measurement enable rapid acquisition of a
measurement result and an increase of measurement efficiency. Further, the inspecting instrument and the inspecting
method according to the present invention that are configured as described above are capable of measuring the con-
centration of the test substance with high accuracy even when the concentration of the test substance is significantly low.
[0045] The inspecting instrument and the inspecting method according to the present invention that are capable of
measuring the concentration of the test substance in the liquid enable a simple inspection to increase convenience.
[0046] The inventors of the presentinvention have, as the method for measuring the concentration of a test substance,
studied about a method for introducing a specimen containing a test substance into an inspecting instrument, irradiating
the inspecting instrument with light, and obtaining the concentration of the test substance from the intensity of the resultant
reflected light. The use of a conventional inspecting instrument in this method causes a problem of making it difficult to
measure the concentration of the test substance in the liquid or to measure the concentration of the test substance with
high accuracy when the concentration of the test substance is significantly low (for example, a test substance such as
a protein at a level of fg/ml).

[0047] Theinventorsofthe presentinvention have found thatareason for making it difficult to measure the concentration
of the test substance in the liquid or to measure the concentration of the test substance with high accuracy particularly
when the concentration of the test substance is significantly low is a small difference in the refractive index between the
inspecting instrument and the test substance-containing solution. As a material for the inspecting instrument, a resin
having a refractive index of about 1.5 or glass having a refractive index of about 1.4 is generally used. On the other
hand, the test substance-containing solution generally has a refractive index of about 1.3. The inventors of the present
invention have found that a difference in the refractive index between the inspecting instrument and the test substance-
containing solution of about 0.1 to 0.2 makes it difficult to measure the concentration of the test substance with high
accuracy when the concentration of the test substance is significantly low.

[0048] The present invention configured as described above is capable of measuring the concentration of the test
substance in the liquid, and measuring the concentration of the test substance with high accuracy even when the
concentration of the test substance is significantly low. Further, the inspecting instrument and the inspecting method
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according to the present invention are capable of measuring the concentration of the test substance with high accuracy
also when the concentration of the test substance is not low.

(Inspecting instrument)

[0049] The inspecting instrument according to the present invention includes a wall that has a periodic structure
resulting from a plurality of recesses or a plurality of protrusions, and the plurality of recesses or the plurality of protrusions
include a refractive index adjusting layer on surfaces thereof. In the inspecting instrument according to the present
invention, the refractive index adjusting layer is a layer having a refractive index greater than a refractive index of the
test substance-containing solution or is a silicon layer. The refractive index adjusting layer may be the layer having a
refractive index greater than the refractive index of the test substance-containing solution or may be the silicon layer.
The wall has the periodic structure. The periodic structure of the wall includes the plurality of recesses or the plurality
of protrusions. The periodic structure of the wall is the periodic structure resulting from the plurality of recesses or the
plurality of protrusions.

[0050] In the present specification, a wall excluding the refractive index adjusting layer is described as a "wall X" to
distinguish the wall excluding the refractive index adjusting layer from the wall including the refractive index adjusting
layer. The inspecting instrument according to the present invention includes the wall X having, on a surface thereof, a
periodic structure resulting from a plurality of recesses or a plurality of protrusions and includes the refractive index
adjusting layer disposed on a surface of the periodic structure of the wall X. The wall including the refractive index
adjusting layer is a composite wall including the wall X and the refractive index adjusting layer. In the description below,
the wall described as the "wall" means the wall including the refractive index adjusting layer. In the description below,
the wall described as the "wall X" means the wall excluding the refractive index adjusting layer.

[0051] From the viewpoint of measuring the concentration of the test substance with much higher accuracy, the periodic
structure of the wall has a period of preferably 100 nm or more, more preferably 200 nm or more, further preferably 250
nm or more, and preferably 800 nm or less, more preferably 500 nm or less, further preferably 450 nm or less.

[0052] The period of the periodic structure of the wall means a gap between the tip (a central portion when the tip is
a flat or the like) of a protrusion or a recess and the tip (a central portion when the tip is a flat) of a protrusion or a recess
most adjacent to the starting-point protrusion or recess.

[0053] From the viewpoint of measuring the concentration of the test substance with much higher accuracy, the
recesses or the protrusions in the periodic structure of the wall have a radius of preferably 20 nm or more, more preferably
30 nm or more, further preferably 40 nm or more, and preferably 300 nm or less, more preferably 200 nm or less, further
preferably 150 nm or less.

[0054] The radius of the recesses or the protrusions in the periodic structure of the wall means the radius of a circle
when the shape of the upper surfaces of the recesses or the protrusions is circle, and means, when the shape of the
upper surfaces of the recesses or the protrusions is a shape other than circle, the radius of an inscribed circle of the
shape other than circle.

[0055] The refractive index adjusting layer is disposed on the surface of the periodic structure of the wall X. The
refractive index adjusting layer may be disposed on the entire surface of the periodic structure of the wall X or may be
disposed on a part of the surface of the periodic structure of the wall X. The refractive index adjusting layer need not be
disposed on side surfaces of the recesses or the protrusions in the periodic structure of the wall X. The disposition of
the refractive index adjusting layer on a part of the surface or the entire surface of the periodic structure of the wall X
enables a periodic structure corresponding to the periodic structure of the wall X to be easily formed on the surface of
the refractive index adjusting layer.

[0056] From the view point of measuring the concentration of the test substance with much higher accuracy, the
periodic structure of the wall X has a surface area on which the refractive index adjusting layer is disposed of preferably
60% or more, more preferably 70% or more, further preferably 80% or more, particularly preferably 90% or more, most
preferably 100%, in 100% of the surface area (the plurality of recesses or the plurality of protrusions) of the periodic
structure. The refractive index adjusting layer is most preferably disposed on the entire surface of the periodic structure
of the wall X. The refractive index adjusting layer preferably also has the periodic structure resulting from the plurality
of recesses or the plurality of protrusions.

[0057] In the inspecting instrument according to the present invention, the period of the periodic structure of the wall,
the radius of the plurality of recesses or the plurality of protrusions, and the refractive index of the periodic structure are
preferably adjusted so that the value that can be obtained as a wavelength A of diffracted light in the periodic structure
of the wall becomes 300 nm or more and 1600 nm or less when m is any positive integer in the following equations (1)
and (2). In this case, a generally easily available light source can be used.

[Equation 1]
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A= Zd/(no)z— (sinO)Z (1)

m

[Equation 2]

No=(1—F) n,—fn, (2)

[0058] In the equation (1) or (2), m represents the degree, A represents the wavelength (nm) of the diffracted light, d
represents the period (nm) of the periodic structure of the wall, ny represents an effective refractive index, 0 represents
an incident angle of light, f represents porosity, that is, occupancy of voids per unit volume, n, represents a refractive
index of the periodic structure of the wall, and n, represents a refractive index of a porous material.

[0059] The refractive index n, of the periodic structure of the wall refers to a refractive index at a portion including no
porous portion but including the refractive index adjusting layer in the periodic structure of the wall.

[0060] From the viewpoint of measuring the concentration of the test substance with much higher accuracy, the degree
m is preferably 1, 2, or 3, more preferably 1 or 2, further preferably 1 in the equation (1).

[0061] The wavelength A of the diffracted light obtained by the equations (1) and (2) is preferably 600 nm or more,
more preferably 700 nm or more, and preferably 1200 nm or less, more preferably 1000 nm or less.

[0062] The inspecting instrument according to the present invention preferably includes a compound (first compound)
capable of producing a granular substance through a reaction with the test substance, or acompound (second compound)
that is capable of being bound with the test substance and is a granular substance. In this case, the inspecting instrument
may include the first compound or may include the second compound.

[0063] A principle of measuring the concentration of the test substance using the inspecting instrument is described
below.

[0064] The inspecting instrument is capable of reacting or binding the test substance with the compound (the first
compound or the second compound). The granular substance produced through the reaction of the test substance with
the compound or the granular substance in which the test substance is bound to the compound can be deposited on
the refractive index adjusting layer (on the periodic structure of the wall). This deposition can be progressed in the liquid.
[0065] The deposition of the granular substance on the periodic structure of the wall changes the refractive index n;
of the periodic structure of the wall to change the wavelength A of the diffracted light attributed to the periodic structure
of the wall. Accordingly, the concentration of the test substance can be measured by detecting a change in the spectrum
of the reflected light when the periodic structure of the wall is irradiated with light.

[0066] The inspecting instrument according to the present invention configured as described above is capable of
enormously increasing the amount of the change in the refractive index n of the periodic structure of the wall between
before and after the deposition of the granular substance. Thatis, only a slight amount of the granular substance deposited
on the periodic structure of the wall enables the spectrum of the reflected light to be changed to a detectable degree.
Accordingly, the accuracy of measuring the concentration of the test substance can be dramatically increased.

[0067] The granular substance produced through the reaction of the test substance with the compound or the granular
substance in which the test substance is bound to the compound may be a granular substance in aggregation or need
not be a granular substance in aggregation. Conventionally, sometimes used is a method for measuring the concentration
of the test substance by detecting light scattering caused by an aggregate. This method, however, is considered to have
had difficulty attaining the measurement when the concentration is particularly low. That is, it is considered that the
detection cannot be attained until the aggregate becomes a certain size (for example, a micrometer order) or the accuracy
is low due to the variation in the degree of the aggregation. In the present invention, slight presence of the granular
substance such as a reaction product of the test substance and the compound on a surface end of the fine periodic
structure (for example, a nanometer order) has been found to change an optical response (for example, reflected light
intensity) from the surface of the periodic structure of the wall (the surface including the refractive index adjusting layer
disposed on the surface of the periodic structure of the wall X). Therefore, the present invention is capable of measuring
the concentration of the test substance even at a low concentration with much higher accuracy when the granular
substance is not a granular substance in aggregation. Further, the concentration can be measured more promptly than
in conventional methods.

[0068] The compound is neither in contact with the periodic structure of the wall nor the refractive index adjusting
layer, and may be disposed at a position away from the periodic structure of the wall and from the refractive index
adjusting layer. In this case, at the position away from the periodic structure of the wall and from the refractive index
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adjusting layer, the test substance can be reacted or bound with the compound. The granular substance can be more
securely deposited on the refractive index adjusting layer by gravity or the like. Alternatively, the compound may be
disposed on the surface of the refractive index adjusting layer. In this case, the change of the optical response from the
refractive index adjusting layer can be more promptly detected.

[0069] As the compound capable of producing a granular substance through a reaction with the test substance, for
example, a compound that forms a gel through a reaction with the test substance can be used.

[0070] Hereinafter, specific embodiments of the present invention are described with reference to drawings.

[0071] The drawings referred to in the embodiments are illustrated schematically, and the dimensional ratio and the
like of objects depicted in the drawings are sometimes different from those of actual objects. The specific dimensional
ratio and the like of objects should be determined with the following description taken into consideration. Particularly, in
the drawings referred to, the size of recesses is shown in an enlarged manner for convenience of illustration. Actual
recesses are nano-sized and finer.

[0072] Fig. 1 is a front sectional view of an inspecting instrument according to a first embodiment of the present
invention. Fig. 2 is a plan view of the inspecting instrument according to the first embodiment of the present invention.
Fig. 1 shows a sectional view of the inspecting instrument along a line A-A in Fig. 2.

[0073] An inspecting instrument 1 illustrated in Figs. 1 and 2 includes a compound (first compound) 6 capable of
producing a granular substance through a reaction with a test substance, and a wall that has a periodic structure resulting
from a plurality of recesses or a plurality of protrusions. The plurality of recesses or the plurality of protrusions include
a refractive index adjusting layer 7 on surfaces thereof. In the present embodiment, the wall is a bottom 3 of the inspecting
instrument 1. The bottom 3 has a periodic structure 3A (the periodic structure of the wall) on a surface thereof. The
refractive index adjusting layer 7 is disposed on a surface of a periodic structure in a wall X. The wall X has, on a surface
thereof, the periodic structure resulting from a plurality of recesses or a plurality of protrusions. The refractive index
adjusting layer 7 is disposed on the entire surfaces of the plurality of recesses or the plurality of protrusions. Therefore,
the refractive index adjusting layer 7 also has a periodic structure. In place of the compound 6 capable of producing a
granular substance through a reaction with a test substance, a compound (second compound) that is capable of being
bound with a test substance and is a granular substance may be used.

[0074] The inspecting instrument 1 includes a side wall 4 provided upright from the bottom 3 on a side end of the
periodic structure 3A in the bottom 3. The inspecting instrument 1 includes a storage portion 2 surrounded by the bottom
3, the side wall 4, and the refractive index adjusting layer 7. The storage portion 2 is capable of storing a test substance-
containing solution.

[0075] The inspecting instrument 1 includes a lid 5 disposed on an opposite end to a bottom-3-end of the side wall 4.
The compound 6 is disposed on a surface of the lid 5. When the test substance-containing solution is stored in the
storage portion 2, the disposition of the lid 5 on the storage portion 2 enables the solution to be brought into contact with
the compound 6 in the storage portion 2. Therefore, the test substance can be easily reacted with the compound 6. In
the present embodiment, the compound 6 is disposed above the periodic structure of the wall.

[0076] The testsubstance-containingsolution before the reaction orthe binding ofthe test substance with the compound
6 is, for example, the test substance-containing solution itself having been introduced into the inspecting instrument.
The test substance-containing solution after the reaction or the binding of the test substance with the compound 6 is,
for example, a reaction solution containing a granular substance produced through the reaction or the binding of the test
substance with the compound 6.

[0077] The inspecting instrument 1 is a microchip that includes the bottom 3 including the refractive index adjusting
layer 7, the side wall 4, and the lid 5. As illustrated in Fig. 2, the inspecting instrument 1 includes an introduction portion
8. The introduction portion 8 is a portion where the side wall 4 is not provided. The test substance-containing solution
can be introduced through the introduction portion 8 into the storage portion 2. The introduction portion may be provided
on the lid. The inspecting instrument may include a fine flow path connected to the introduction portion 8 or may include,
for example, a space for pre-treating the test substance or a waste liquid path.

[0078] The concentration of the test substance can be, as described below, measured by irradiating the periodic
structure of the wall with inspecting light while the test substance-containing solution is stored in the inspecting instrument
(storage portion), and measuring the intensity of light reflected from the periodic structure of the wall. From the viewpoint
of transmitting the inspecting light, the lid is preferably transparent. A material for the bottom, the side wall, and the lid
of the inspecting instrument is not particularly limited and is, for example, a resin or glass.

[0079] The bottom 3 and the periodic structure 3A (the periodic structure of the wall) include a plurality of recesses
3a. In the present embodiment, the shape of the recesses 3a is a column shape.

[0080] The recesses 3a are regularly disposed. In the present embodiment, the recesses 3a are disposed in plural
rows at equal intervals in a first direction (vertical direction in Fig. 2) and a second direction (horizontal direction in Fig.
2) perpendicular to the first direction. The recesses 3a have a two-dimensional periodic structure. The periodic structure
of the wall resulting from the plurality of recesses 3a has a hexagonal lattice structure. The periodic structure of the wall
X also has a hexagonal lattice structure.
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[0081] A radius ry of a recess in the periodic structure of the wall is the radius of the upper surface of the recess. A
radius r, of a protrusion in the periodic structure of the wall is the radius of the upper surface of the protrusion. Further,
a period d of the periodic structure of the wall is the center-to-center distance between recesses most adjacent to each
other.

[0082] In the periodic structure of the wall and the periodic structure of the wall X, the plurality of recesses may be
regularly disposed or the plurality of protrusions may be regularly disposed.

[0083] The refractive index adjusting layer need not be disposed on the entire surface of the periodic structure of the
wall X. The refractive index adjusting layer may be disposed only on upper surfaces of the recesses or the protrusions
oronly on side surfaces of the recesses or the protrusions in the periodic structure of the wall X. Accordingly, the refractive
index adjusting layer need not be disposed on the entire surfaces of the plurality of recesses or the plurality of protrusions.
The refractive index adjusting layer may be disposed only on upper surfaces of the recesses or the protrusions or only
on side surfaces of the recesses or the protrusions in the plurality of recesses or the plurality of protrusions. The phrase
"upper surfaces of the recesses or the protrusions in the periodic structure of the wall X" means bottom surfaces of the
recesses when the periodic structure of the wall X is formed of the recesses, and means tip surfaces of the protrusions
when the periodic structure of the wall X is formed of the protrusions. From the viewpoint of allowing the present invention
to effectively exhibit its effects, the refractive index adjusting layer is preferably disposed over the entire surface of the
periodic structure of the wall X.

[0084] The shape and the disposition of the protrusions or the recesses can be appropriately changed according to
the direction and the angle of the irradiation with the inspecting light. The tip shape of the protrusions or the recesses
may be a flat or a curved shape or may be a dot shape. The protrusions or the recesses may be a groove shape. For
example, the shape of the protrusions or the recesses may be a rectangular column shape, a pyramid shape, or a circular
cone shape. The periodic structure of the wall and the periodic structure of the wall X may each be a one-dimensional
periodic structure.

[0085] The period of the periodic structure of the wall and the period of the periodic structure of the wall X are each
preferably the particle size or more of the granular substance.

[0086] The opening area between protrusions or the opening area of a recess in the wall X is preferably 2500 nmZ2 or
more, more preferably 10000 nm2 or more, and preferably 640000 nm2 or less, more preferably 160000 nmZ2 or less.
The opening area between the protrusions and the opening area of the recess in the wall X are the opening areas
obtained by removing a thickness portion of the refractive index adjusting layer from the opening area between the
protrusions and the opening area of the recess in the wall, respectively, and are the opening area of the protrusion or
the recess in the periodic structure of the wall X.

[0087] The height of the protrusions or the depth of the recesses in the wall X is preferably 50 nm or more, more
preferably 100 nm or more, and preferably 800 nm or less, more preferably 400 nm or less. The height of the protrusions
and the depth of the recesses in the wall X are the height or the depth obtained by removing the thickness of the refractive
index adjusting layer from the height of the protrusions and the depth of the recesses in the wall, respectively, and are
the height of the protrusions or the depth of the recesses in the periodic structure of the wall X.

[0088] The opening area between the protrusions, the opening area of the recess, the height of the protrusions, and
the depth of the recesses that are described above and are in the wall X can be appropriately changed according to, for
example, the type of the granular substance produced through the reaction of the test substance with the compound,
and the shape of the protrusions or the recesses. The adjustment of the period of the periodic structure and the shape
and the size of the protrusions or the recesses enables the intensity of the reflected light to be optimized.

[0089] There are sometimes difficulty in which a plurality of opening areas and the heights of the plurality of protrusions
or the depths of the plurality of recesses, respectively, perfectly coincide with each other. The period of the periodic
structure may be varied within a range not to greatly affect the accuracy of measuring the concentration. From the
viewpoint of effectively reducing noise in the measurement, the standard deviation of a plurality of opening areas between
the protrusions or a plurality of opening areas of the recesses in the periodic structure is preferably 10% or less, more
preferably 5% or less.

[0090] Examples of the test substance include a glycan, glycolipid, a protein, a peptide, and DNA. Examples of the
glycan include Mac-2 binding protein glycan. Examples of the glycolipid include endotoxin, peptide glucan, and -D-
glucan. Examples of the protein include a tumor marker, urine protein, and an amyloid. Examples of the tumor marker
include PSA as a prostate cancer marker, CEA as a colorectal cancer marker, CA15-3 as a breast cancer marker, and
AEP as a lung cancer marker. Examples of the peptide include brain natriuretic peptide (BNP), atrial natriuretic peptide
(ANP), and amyloid  and tau protein as Alzheimer’s disease markers.

[0091] Examples of the compound (the first compound or the second compound) include an enzyme, an enzyme-
containing reagent, latex particles, gold particles, silver particles, a support with an antibody, and a support with com-
plementary DNA. Examples of the enzyme-containing reagent include LAL reagent. Examples of the support with an
antibody include latex with an antibody and metal nanoparticles with an antibody, such as gold particles with an antibody
and silver particles with an antibody.
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[0092] For example, when the test substance is glycolipid, the compound capable of producing a granular substance
through a reaction with the glycolipid may be an enzyme capable of being reacted with the glycolipid.

[0093] In the inspecting instrument 1, the test substance is endotoxin and the compound 6 is LAL reagent. The
compound 6 produces a gel granular substance through a reaction with the test substance. In the inspecting instrument
1, the period d (distance between recesses 3a) of the periodic structure of the wall is 460 nm. The deposition of the
granular substance on the recesses 3a and the refractive index adjusting layer 7 enables the intensity of the light reflected
from the periodic structure 3A of the wall to be greatly changed. Specifically, the inspecting instrument 1 is capable of
drastically lowering the intensity of the light reflected from the periodic structure 3A of the wall. Accordingly, the concen-
tration of a low-concentration test substance can be measured with high accuracy.

[0094] Examples of the liquid include water, an organic liquid, and an ionic liquid. Generally, water is suitably used.
[0095] The size of the recesses is the opening area at the opening end of each of the recesses (the opening area of
the recess). The size between protrusions is the opening area at the opening end between the protrusions (the opening
area between the protrusions). The size of one recess and the size of one space between protrusions may be smaller
than the size of the granular substance. In this case, the granular substance covers the periodic structure of the wall.
The intensity of the light reflected from the bottom of the inspecting instrument can be greatly changed.

[0096] The test substance may contain an antigen or may be an antigen such as a marker. In this case, the compound
(the first compound or the second compound) preferably contains an antibody. The compound may be, for example,
latex with an antibody. The antibody is capable of being bound with the antigen. The binding of the test substance with
the compound enables a granular substance in aggregation to be produced. Also when the granular substance in
aggregation covers the periodic structure of the wall, the intensity of the light reflected from the periodic structure of the
wall can be greatly changed.

[0097] The periodic structure 3A of the wall and the refractive index adjusting layer 7 may be provided on a part of the
bottom 3. The periodic structure 3A of the wall and the refractive index adjusting layer 7 are preferably provided at least
at a position facing the compound 6. At least the periodic structure 3A of the wall is preferably provided at a position
facing the compound 6. In this case, the granular substance (granular substance or the like produced through the reaction
of the test substance with the compound 6) can be efficiently deposited on the periodic structure 3A of the wall and the
refractive index adjusting layer 7 by gravity.

[0098] The periodic structure of the wall X can be shaped, for example, at the time of molding the storage portion.
Alternatively, the periodic structure of the wall X may be formed by shaping processing of a surface of the storage portion
after the storage portion having no periodic structure is obtained.

[0099] The wall having the periodic structure on the surface thereof may be the side wall of the inspecting instrument.
In this case, the granular substance can be deposited on the periodic structure, for example, by electrophoresis.
[0100] The refractive index adjusting layer can be formed, for example, by sputtering as described below.

[0101] Fig. 3 is an enlarged front sectional view of an inspecting instrument according to a second embodiment of the
present invention.

[0102] The inspecting instrument of the present embodiment includes a compound (first compound) 36 capable of
producing a granular substance through a reaction with a test substance, and a wall that has a periodic structure resulting
from a plurality of recesses or a plurality of protrusions. The plurality of recesses or the plurality of protrusions include
a refractive index adjusting layer 37 on surfaces thereof. In the present embodiment, the wall is a bottom 33 of the
inspecting instrument. The bottom 33 has a periodic structure 33A (the periodic structure of the wall) on a surface thereof.
The refractive index adjusting layer 37 is disposed on a surface of a periodic structure in a wall X. The wall X has, on a
surface thereof, the periodic structure resulting from a plurality of recesses or a plurality of protrusions. The refractive
index adjusting layer 37 is disposed on the entire surfaces of the plurality of recesses or the plurality of protrusions.
Therefore, the refractive index adjusting layer 37 also has a periodic structure. In the periodic structure 33A of the wall,
the plurality of recesses are regularly disposed. The bottom 33 and the periodic structure 33A include a plurality of
recesses 33a. The inspecting instrument of the present embodiment is different from the inspecting instrument 1 in that
the compound 36 is disposed on a surface of the refractive index adjusting layer 37. The wall having the periodic structure
on the surface thereof may be a side wall of the inspecting instrument. In place of the compound 36 capable of producing
a granular substance through a reaction with a test substance, a compound (second compound) that is capable of being
bound with a test substance and is a granular substance may be used. In the inspecting instrument of Fig. 3, however,
the compound 36 capable of producing a granular substance through a reaction with a test substance is preferably used.
[0103] In the present embodiment, the granular substance is produced on surfaces of the refractive index adjusting
layer 37 and the periodic structure 33A of the wall. Thus, it is possible to effectively shorten the time from the start of
the reaction to the state where the intensity of light reflected from the periodic structure 33A of the wall is greatly changed.
When the refractive index adjusting layer is not disposed on the entire surfaces of the plurality of recesses or the plurality
of protrusions, the compound may also be disposed on the surface of the periodic structure 33A of the wall, and the
granular substance may also be produced on the surface of the periodic structure 33A of the wall and the surface of the
refractive index adjusting layer 37.
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[0104] Fig. 4 is a front sectional view of an inspecting instrument according to a third embodiment of the present
invention. Fig. 5 is a plan view of the inspecting instrument according to the third embodiment of the present invention.
Fig. 4 shows a sectional view of the inspecting instrument along a line B-B in Fig. 5.

[0105] Aninspecting instrument 11 includes a petri dish and a lid 15. The petri dish includes a wall on which a periodic
structure 13A resulting from a plurality of recesses or a plurality of protrusions is formed. The plurality of recesses or
the plurality of protrusions include a refractive index adjusting layer 17 on surfaces thereof. In the present embodiment,
the wall is a bottom 13 of the petri dish. The petri dish further includes a side wall 14 provided upright from an outer
periphery of the bottom 13. The refractive index adjusting layer 17 is disposed on a surface of a periodic structure in a
wall X. The wall X has, on a surface thereof, the periodic structure resulting from a plurality of recesses or a plurality of
protrusions. The refractive index adjusting layer 17 is disposed on the entire surfaces of the plurality of recesses or the
plurality of protrusions. Therefore, the refractive index adjusting layer 17 also has a periodic structure. In the periodic
structure 13A of the wall, the plurality of recesses are regularly disposed. The bottom 13 and the periodic structure 13A
include a plurality of recesses 13a.

[0106] The inspecting instrument 11 is formed as one instrument (vessel), with the bottom 13 and the side wall 14
integrally formed. The inspecting instrument 11 includes a storage portion 12 surrounded by the bottom 13, the side wall
14, and the refractive index adjusting layer 17.

[0107] Intheinspecting instrument 11, the reaction of the test substance with the compound 6 can be started by storing
the test substance-containing solution in the storage portion 12 and then installing the lid 15 on the storage portion 12.
[0108] Meanwhile, the test substance may be introduced into the storage portion 12 after a liquid containing no test
substance is stored in the storage portion 12. The irradiation with light for measuring the concentration of the test
substance in the liquid may be performed while the lid has been removed. In this case, the lid need not be transparent.
[0109] Fig. 6 is an enlarged front sectional view of an inspecting instrument according to a fourth embodiment of the
present invention.

[0110] The inspecting instrument of the present embodiment includes a compound (second compound) 56 that is
capable of being bound with a test substance and is a granular substance, an antibody 57, and a wall that has a periodic
structure resulting from a plurality of recesses or a plurality of protrusions. The plurality of recesses or the plurality of
protrusions include a refractive index adjusting layer 7 on surfaces thereof. The compound 56 contains an antibody. The
compound 56 is, for example, latex with an antibody and is a granular substance. In the present embodiment, as the
test substance, an antigen that is bound with the compound 56 is assumed to be used. The antibody 57 is preferably
an antibody similar to the antibody contained in the compound 56. In Fig. 6, the antibody is schematically illustrated by
a Y-shape.

[0111] In Fig. 6, the wall is a bottom 3 of the inspecting instrument. The bottom 3 has a periodic structure 3A (the
periodic structure of the wall) on a surface thereof. The refractive index adjusting layer 7 is disposed on a surface of a
periodic structure in a wall X. The wall X has, on a surface thereof, the periodic structure resulting from a plurality of
recesses or a plurality of protrusions. The refractive index adjusting layer 7 is disposed on the entire surfaces of the
plurality of recesses or the plurality of protrusions. Therefore, the refractive index adjusting layer 7 also has a periodic
structure. In the periodic structure 3A of the wall, the plurality of recesses are regularly disposed. The bottom 3 and the
periodic structure 3A of the wall include a plurality of recesses 3a. The inspecting instrument includes a side wall provided
upright from the bottom 3 on a side end of the periodic structure 3A in the bottom 3. The inspecting instrument includes
a storage portion surrounded by the bottom 3 and the side wall. The wall having the periodic structure on the surface
thereof may be a side wall of the inspecting instrument.

[0112] The inspecting instrument of the present embodiment includes a solution W disposed in the storage portion.
The solution W contains the compound 56. The antibody 57 is disposed only on tip surfaces of the protrusions in the
refractive index adjusting layer 7. The inspecting instrument of the present invention is capable of binding the test
substance with the compound 56 during the inspection and is capable of binding the test substance with the antibody 57.
[0113] In the present embodiment, the test substance bound with the compound 56 can be selectively deposited on
the tip surfaces of the protrusions. In the present embodiment, the refractive index is greatly changed on the tip surfaces
of the protrusions, so that the intensity of the light reflected from the refractive index adjusting layer 7 can be greatly
changed.

[0114] The compound may be disposed similarly to in the firstembodiment. The inspecting instrument need notinclude
the antibody 57. Also in this case, the granular substance in which the test substance is bound to the compound is
deposited on the periodic structure of the wall, so that the refractive index can be greatly changed.

[0115] The antibody 57 may be disposed on bottom surfaces of the recesses in the refractive index adjusting layer 7
or may be disposed on side surfaces of the protrusions or the recesses in the refractive index adjusting layer 7. From
the viewpoint of greatly changing the refractive index and measuring the concentration of the test substance with much
higher accuracy, the antibody is preferably disposed on the tip surfaces of the protrusions in the refractive index adjusting
layer.

[0116] Inthe present embodiment, the periodic structure 3A of the wall has a period about the same as the wavelength
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of the light to be measured. A medium having a relatively large change of the refractive index allows, in the period about
the same as the wavelength of light, no entry of light with a certain wavelength region and reflects the light, but allows
transmission of light with a wavelength other than the certain wavelength region. The wavelength region of the light
incapable of entering the medium as described above is called a photonic band gap. Appropriately setting the angle or
the like of the light to be applied generates the photonic band gap of the periodic structure of the wall. During the
inspection, a peak of the reflected light is generated in the wavelength region of the photonic band gap. Since the peak
intensity is greatly changed due to the change of the refractive index, the measurement accuracy can be furtherincreased.
Further, the disposition of the refractive index adjusting layer enables the measurement accuracy to be significantly
increased. Further, the disposition of the refractive index adjusting layer enables the concentration of a low-concentration
test substance to be measured.

[0117] Withreference to Figs. 7 to 9, one example of an inspecting method using the inspecting instrument 1 illustrated
in Fig. 1 is described.

[0118] Fig. 7 is a front sectional view for describing the one example of the inspecting method using the inspecting
instrument according to the first embodiment of the present invention. Fig. 8 is an enlarged front sectional view for
describing the one example of the inspecting method using the inspecting instrument according to the first embodiment
of the present invention. Fig. 9 is an enlarged front sectional view for describing the one example of the inspecting
method using the inspecting instrument according to the first embodiment of the present invention.

[0119] The present inspecting method includes the steps of (1) measuring a reference light intensity, (2) measuring
an evaluation light intensity, and (3) acquiring a relative value between the reference light intensity and the evaluation
light intensity. The steps (1) to (3) may be performed in this order or may be performed in the order of (2), (1), and (3) .
[0120] In the presentinspecting method, the steps (1) to (3) are performed on a specimen with a known concentration
of a test substance, and a calibration curve is created in advance. For example, a plurality of relationships between
(known) concentrations of the test substance and the relative values obtained by the above steps are plotted to create
an approximate straight line or an approximate expression. Similarly, the steps (1) to (3) are performed on a specimen
with an unknown concentration of the test substance, and the resultant relative value is substituted into the approximate
straight line or the approximate expression, so that the concentration of the test substance in the unknown specimen
can be determined.

[0121] Hereinafter, one example of the steps (1) to (3) is described in detail.

(1) In the step of measuring a reference light intensity, the refractive index adjusting layer 7 and the periodic structure
3A of the wall are irradiated with light and the reflected lightintensity is measured, while the liquid has been introduced
into the inspecting instrument 1. For example, the light is applied while a liquid containing no test substance is stored
in the storage portion 2, and the intensity of light reflected from the refractive index adjusting layer 7 and the periodic
structure 3A of the wall can be measured. In this case, as the liquid containing no test substance, a fluid or a solvent
that is the same as for the specimen containing the test substance can be used.

(2) In the step of measuring an evaluation light intensity, the refractive index adjusting layer 7 and the periodic
structure 3A of the wall are irradiated with light and the reflected light intensity is measured, while a test substance-
containing solution X has been introduced into the inspecting instrument 1 and the test substance and the liquid are
present. Specifically, the test substance-containing solution X is stored in the storage portion 2 and brought into
contact with the compound 6 to start a reaction of the test substance with the compound 6. The refractive index
adjusting layer 7 and the periodic structure 3A of the wall are irradiated with light and the reflected light intensity is
measured, while the resultant granular substance (e.g., a reaction product of the test substance and the compound
6) is deposited on the refractive index adjusting layer 7 and the periodic structure 3A of the wall. The inspecting
instrument 1 does not require removal of the liquid before the irradiation with the light. As illustrated in Fig. 8, a
granular substance Y is produced through the reaction of the test substance with the compound 6. The granular
substance Y settles out by gravity and is deposited on the refractive index adjusting layer 7.

The refractive index adjusting layer preferably has a refractive index greater than the refractive index of the test
substance-containing solution, and more preferably has a refractive index of 0.7 or more greater than the refractive
index of the test substance-containing solution. That is, the refractive index adjusting layer is preferably a layer
having a refractive index greater than the refractive index of the test substance-containing solution, and is more
preferably a layer having a refractive index of 0.7 or more greater than the refractive index of the test substance-
containing solution.

Next, as illustrated in Fig. 9, the periodic structure of the wall on which the granular substance Y has been deposited
is irradiated with inspecting light L1. Next, the intensity of light L2 reflected from the refractive index adjusting layer
7 is measured.

The deposition of the granular substance Y on the periodic structure of the wall lowers the intensity of light applied
to the periodic structure of the wall and then reflected on the periodic structure of the wall. Accordingly, the accuracy
of measuring the concentration of the test substance can be increased.
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(3) In the step of acquiring a relative value between the reference light intensity and the evaluation light intensity, a
value of the difference between the reference light intensity and the evaluation light intensity is calculated. The
relative value may be defined as a value of the ratio between the reference light intensity and the evaluation light
intensity. Further, the relative value may be defined as a value obtained by appropriately applying a mathematical
operation to the difference or the ratio.

[0122] The reflected light intensity may be measured only with a specific wavelength, or the reflected light intensity
may be acquired as a spectrum of a plurality of consecutive wavelengths. Any wavelength can be selected as the
wavelength of the light to be applied, and the wavelength can be appropriately selected according to the shape and the
size of the periodic structure. Visible light can be typically used, and infrared or ultraviolet light can also be used.
[0123] In the above description, described is the case of measuring, as the reference light intensity and the evaluation
light intensity, the reflected light at the time of irradiation of the periodic structure of the wall with light. As the reference
light intensity and the evaluation light intensity, however, transmitted light may be measured. As long as a change in the
optical response can be detected from the surface of the periodic structure of the wall, the light to be detected is not
necessarily the direct reflected light or transmitted light but may be light to which some kind of optical operation is applied.
[0124] Fig. 10 is an enlarged front sectional view for describing one example of the inspecting method using the
inspecting instrument according to the first embodiment of the present invention.

[0125] As illustrated in Fig. 10, the intensity of the light L2 reflected on the periodic structure of the wall may be
measured while the height of the deposition of the granular substance Y in the recesses 3a is lower than the depth of
the recesses 3a (the height of the side surfaces of the recesses 3a). Even when the height of the deposition of the
granular substance Y in the recesses 3a does not reach the depth of the recesses 3a (the height of the side surfaces
of the recesses 3a), the intensity of the light L2 reflected on the periodic structure of the wall is lowered. Accordingly,
the concentration of a low-concentration test substance can be measured. Further, the inspection time can be shortened.
[0126] From the viewpoint of further increasing the measurement accuracy, the filling rate of a recess in the wall with
the granular substance Y at the time of the measurement is preferably 1% or more, more preferably 10% or more, much
more preferably 30% or more, further preferably 50% or more, further more preferably 70% or more, particularly preferably
90% or more, most preferably 95% or more. The filling rate is the volume occupied by the granular substance in the
volume of a recess of the wall. When the granular substance is deposited between protrusions, the filling rate is the
volume occupied by the granular substance in the volume between the protrusions.

[0127] Fig. 11 is an enlarged front sectional view for describing one example of an inspecting method using the
inspecting instrument according to the fourth embodiment of the present invention.

[0128] As illustrated in Fig. 11, a test substance Z1 in the present inspecting method is an antigen to be bound with
the antibody 57 and the antibody contained in the compound 56. The test substance Z1 is bound with the compound
56 contained in the solution W. The compound 56 is a granular substance. The test substance Z1 having been bound
with the compound 56 is bound with the antibody 57 disposed on the tip surfaces of the protrusions in the refractive
index adjusting layer 7 and selectively deposited on the protrusions. This deposition greatly changes the refractive index
of the part to be irradiated with the inspecting light. In the present inspecting method, the inspecting light has a wavelength
about the same as the period of the periodic structure 3A of the wall, and a peak of the reflected light is generated in
the photonic band gap. The peak intensity of the reflected light is greatly changed due to the change of the refractive
index described above. The presentinspecting method utilizing the photonic band gap and using the inspecting instrument
that includes the refractive index adjusting layer is capable of measuring the concentration of a test substance having
a concentration as very low as about 100 pg/ml or less.

[0129] Meanwhile, an inspecting instrument can also be used in which the compound is, similarly to in the first em-
bodiment, disposed at a position away from the refractive index adjusting layer and the periodic structure of the wall. In
this case, pieces of the test substance Z1 are bound with each other via the compound 56 that is a granular substance,
to produce an aggregate Z2 as illustrated in Fig. 12. The granular substance thus aggregated is deposited on the
refractive index adjusting layer 7. This case also greatly changes the refractive index of the part to be irradiated with the
inspecting light. Also in the case illustrated in Fig. 12, the concentration of a low-concentration test substance can be
measured.

[0130] Fig. 13 is a schematic view of an inspecting device according to the first embodiment of the present invention.
[0131] An inspecting device 20 includes the inspecting instrument 11 of the third embodiment, a light source 28, and
a measuring device 29. The light source 28 emits the light L1 to the periodic structure of the wall including the recesses
of the inspecting instrument 11. The intensity of the light L2 reflected on the periodic structure of the wall is measured
by the measuring device 29. The inspecting device 20 is capable of measuring the concentration of the test substance
with high accuracy by the inspecting method described above.

[0132] The inspecting instrument is, as illustrated in Fig. 13, used by irradiating the periodic structure of the wall with
light at an incident angle 6 of -90 degrees or more and 90 degrees or less. The incident angle 6 is an incident direction
of light with respect to the surface of the wall having the periodic structure and is more specifically an angle formed
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between a direction X along the surface of the wall having the periodic structure and a direction of the incident light L1.
The minimum value of the incident angle 6 is -90 degrees and the maximum value is 90 degrees. The incident angle 6
represented by a negative value means that the back side of the surface of the periodic structure of the wall is irradiated
with the light. From the viewpoint of allowing the present invention to further effectively exhibit its effects, the incident
angle 6 is preferably -30 degrees or more and 30 degrees or less, more preferably O degrees or more and 30 degrees
or less, further preferably O degrees. The light source 28 and the measuring device 29 may be installed at an identical
location.

[0133] Fig. 14 is a schematic view of an inspecting device according to the second embodiment of the present invention.
[0134] An inspecting device 40 includes the inspecting instrument 1 of the first embodiment, an installation portion 44
on which the inspecting instrument 1 is installed, a light source 28, and a measuring device 29.

[0135] The installation portion 44 includes a flow path 47 through which the test substance-containing solution is sent.
The flow path 47 is connected to the introduction portion 8 of the inspecting instrument 1. The introduction of the test
substance-containing solution through the flow path 47 into the storage portion of the inspecting instrument 1 enables
the reaction of the test substance with the compound to be started. The inspecting method described above is capable
of measuring the concentration of the test substance with high accuracy. The installation of the inspecting instrument 1
on the installation portion 44 enables an easy inspection.

[0136] The inspecting instrument may be a microfluidic device. The microfluidic device may include a compound
capable of producing a granular substance or a compound that is capable of being bound with a test substance and is
granular substance, and a wall. The compound may be disposed in a microchannel of the microfluidic device. The wall
may be an inner wall of the microchannel in the microfluidic device. The inspecting device may be a microfluidic device
including the light source and the measuring device.

[0137] The inspecting instrument according to the present invention is capable of suitably measuring the concentration
of a test substance at, for example, 1 ag/mL or more and 100 pg/mL or less in a liquid. The inspecting instrument
according to the present invention is capable of suitably measuring the concentration of a test substance, which is
contained in a test substance-containing solution having a refractive index of, for example, 1.3 or more and 1.5 or less,
in the liquid.

[0138] Hereinafter, the periodic structure of the wall or the wall X, the wall X, and the refractive index adjusting layer
are described in further detail.

Periodic structure:

[0139] Examples of the periodic structure of the wall and the periodic structure of the wall X include an orthorhombic
lattice structure, a rectangular lattice structure, a face-centered lattice structure, a hexagonal lattice structure, and a
square lattice structure. From the viewpoint of further easily adjusting the wavelength of the photonic band gap of the
periodic structure of the wall and the periodic structure of the wall X and allowing the presentinvention to further effectively
exhibit its effects, the periodic structure of the wall and the periodic structure of the wall X are each preferably an
orthorhombic lattice structure, a rectangular lattice structure, a hexagonal lattice structure, or a square lattice structure.

Wall X:

[0140] A material for the wall X is, for example, a resin or glass.

[0141] Examples oftheresininclude a polyethylene terephthalate resin, a polyethylene naphthalate resin, a cycloolefin
polymer resin, a cycloolefin copolymer resin, a polyimide resin, a polycarbonate resin, a polyurea resin, a polystyrene
resin, a polyester resin, and a polymethylmethacrylate resin. The resins may be used singly or in combination of two or
more thereof.

Refractive index adjusting layer:

[0142] From the viewpoint of measuring the concentration of the test substance in the liquid and the viewpoint of
measuring the concentration of the test substance with high accuracy even when the concentration of the test substance
is significantly low, the refractive index adjusting layer preferably has a refractive index greater than the refractive index
of the test substance-containing solution.

[0143] The refractive index adjusting layer has a refractive index of preferably 0.3 or more greater, more preferably
0.4 or more greater, much more preferably 0.5 or more greater, further preferably 0.6 or more greater, particularly
preferably 0.7 or more greater, most preferably 0.8 or more greater than the refractive index of the test substance-
containing solution. Such a refractive index adjusting layer enables the concentration of the test substance to be well
measured in the liquid, and enables the concentration of the test substance to be measured with much higher accuracy
even when the concentration of the test substance is significantly low.

16



10

15

20

25

30

35

40

45

50

55

EP 3 832 292 A1

[0144] The refractive index adjusting layer has a refractive index of preferably 1.6 or more, more preferably 1.7 or
more, much more preferably 1.8 or more, further preferably 1.9 or more, particularly preferably 2.0 or more, most
preferably 2.1 or more. The refractive index adjusting layer having a refractive index of the above lower limit or more is
capable of increasing the difference in the refractive index between the refractive index adjusting layer and the test
substance-containing solution, to enable the concentration of the test substance to be well measured in the liquid and
enable the concentration of the test substance to be measured with much higher accuracy even when the concentration
of the test substance is significantly low.

[0145] The refractive index of the refractive index adjusting layer and the refractive index of the test substance-
containing solution can be measured using a spectroscopic ellipsometer (for example, "UVISEL2" manufactured by
HORIBA, Ltd.).

[0146] Forfacilitating the adjustment of the refractive index in the above preferable range, the refractive index adjusting
layer preferably contains a metallic element or an organic substance. The refractive index adjusting layer may be a
compound containing a metallic element and a non-metallic element. Examples of the metallic element include zinc,
silver, gold, titanium, aluminum, tin, copper, iron, molybdenum, niobium, titanium, platinum, tungsten, chromium, tin,
nickel, tantalum, zirconium, hafnium, yttrium, bismuth, antimony, and indium. Examples of the organic substance include
diamond-like carbon (DLC). The metallic elements may be used singly or in combination of two or more thereof. Examples
of the compound containing a metallic element and a non-metallic element include silicon carbide (SiC).

[0147] The refractive index adjusting layer may be a metal layer or a metal oxide layer. Examples of the metal oxide
layer include a ZnSnO4 layer, a zinc oxide layer, a chromium oxide layer, a ferric oxide layer, and a titanium oxide layer.
[0148] Therefractive indexadjusting layeris more preferably a silicon layer. Examples of silicon include monocrystalline
silicon, polycrystalline silicon, microcrystalline silicon, and amorphous silicon.

[0149] The silicon layer is preferably a monocrystalline silicon layer, a polycrystalline silicon layer, a microcrystalline
silicon layer, or an amorphous silicon layer, and is more preferably an amorphous silicon layer. The amorphous silicon
may be hydrogenated amorphous silicon.

[0150] The formation ofthe refractive index adjusting layer as a silicon layer enables the refractive index of the refractive
index adjusting layer to be further increased, and the formation of the refractive index adjusting layer as an amorphous
silicon layer enables the refractive index of the refractive index adjusting layer to be particularly increased. When being
a silicon layer such as an amorphous silicon layer, the refractive index adjusting layer can have a refractive index of, for
example, 4.5. Therefore, the difference in the refractive index between the refractive index adjusting layer and the test
substance-containing solution can be significantly increased to enable the concentration of the test substance to be
measured with much higher accuracy.

[0151] Amethod for forming the refractive index adjusting layer is, for example, sputtering (a reactive sputtering method
and an RF sputtering method) and a vapor deposition method (a plasma vapor deposition method, etc. and a vacuum
vapor deposition method (an EB vapor deposition method, an ion plating method, and an IAD method)). From the
viewpoint of well forming the refractive index adjusting layer on the surface of the periodic structure of the wall X, the
refractive index adjusting layer is preferably formed by sputtering and is preferably a sputtering film.

[0152] The average thickness of the refractive index adjusting layer disposed on the upper surfaces of the recesses
or the protrusions in the periodic structure of the wall X is defined as an average thickness (1) of the refractive index
adjusting layer. The average thickness of the refractive index adjusting layer disposed on the side surfaces of the
recesses or the protrusions in the periodic structure of the wall X is defined as an average thickness (2) of the refractive
index adjusting layer.

[0153] From the viewpoint of measuring the concentration of the test substance with much higher accuracy, the
refractive index adjusting layer has an average thickness (1) of preferably 1 nm or more, more preferably 10 nm or more,
further preferably 40 nm or more, and preferably 240 nm or less, more preferably 200 nm or less, further preferably 150
nm or less, particularly preferably 100 nm or less.

[0154] The refractive index adjusting layer has a ratio (the average thickness (1) of the refractive index adjusting
layer/the average thickness (2) of the refractive index adjusting layer) of the average thickness (1) to the average
thickness (2) of preferably 1.0 or more, more preferably 2 or more, and preferably 10 or less, more preferably 4 or less.
The refractive index adjusting layer having a ratio (the average thickness (1) of the refractive index adjusting layer/the
average thickness (2) of the refractive index adjusting layer) of the above lower limit or more and the above upper limit
or less enables the concentration of the test substance to be measured with much higher accuracy.

[0155] The average thickness (1) of the refractive index adjusting layer and the average thickness (2) of the refractive
index adjusting layer can be measured by observing a section of the refractive index adjusting layer using, for example,
an FE-TEM (e.g., "JEM-ARM200F" manufactured by JEOL Ltd.). Any five or more points are selected on a sectional
TEM image obtained by the FE-TEM, with the points separated from each other at a distance of 100 nm or more, and
the average value of the thicknesses measured at the points is defined as the average thickness.

[0156] In the inspecting method according to the present invention and the inspecting instrument according to the
present invention, the test substance-containing solution may be a solution containing a biological sample. Examples
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of the biological sample include blood, spinal fluid, urine, feces, a tissue, a cell, a nucleic acid extract, and a protein
extract. Particularly, when the biological sample is blood, the refractive index adjusting layer is preferably a silicon layer,
more preferably an amorphous silicon layer. The blood may contain, for example, a known drug such as an anticoagulant
(e.g., citric acid, heparin, or ethylenediaminetetraacetic acid (EDTA)).

[0157] Generally, when the concentration of a test substance contained in blood is measured in the blood, the meas-
urement accuracy is sometimes lowered due to an influence of hemoglobin leaked from red blood cells. For example,
the measurement accuracy is sometimes lowered due to a specific absorption spectrum of hemoglobin. Amorphous
silicon, however, effectively absorbs light with a wavelength of 650 nm or less and is therefore capable of increasing the
measurement accuracy even in the presence of hemoglobin. Further, the amorphous silicon layer can have a refractive
index of up to about 4.5, to enable the concentration of the test substance contained in the blood to be measured with
much higher accuracy.

[0158] Hereinafter, the present invention is described in further detail with reference to specific examples.

(Example 1)

[0159] Using the inspecting instrument of the fourth embodiment, a relationship between the concentration of cystatin
C and the wavelength shift between reflection spectra was obtained.

[0160] The inspecting instrument of the fourth embodiment was prepared. As the material for the wall X, a polyethylene
terephthalate resin having a refractive index of 1.5 was used. The shape of the protrusions in the periodic structure of
the wall X was made into a cylindrical shape. A ZnSnOj layer (refractive index adjusting layer) having a refractive index
of 2.0 was formed on the entire surface of the periodic structure of the wall X by sputtering. Thus, the wall (bottom) was
formed by the wall X and the refractive index adjusting layer, and the periodic structure (the periodic structure of the
wall) is formed on the surface of the wall. Cystatin C antibody was fixed onto the surface of the refractive index adjusting
layer using glutaraldehyde as a fixing solution, and then unreacted aldehyde groups were blocked with ethanolamine.
Next, the inspecting instrument was dried. Thus, the surface of the refractive index adjusting layer was modified with
the cystatin C antibody. The inspecting instrument used is described below in detail.

[0161] Periodic structure of wall: square lattice structure

Period of periodic structure of wall: 460 nm

Radius of protrusions in periodic structure of wall: 115 nm

Wavelength of photonic band gap of periodic structure of wall: 580 nm

Average thickness of refractive index adjusting layer disposed on upper surfaces of protrusions in periodic structure of
wall X: 40 nm

Average thickness of refractive index adjusting layer disposed on side surfaces of protrusions in periodic structure of
wall X: 20 nm

[0162] Next, a solution containing cystatin C and saline was prepared and stored in the storage portion of the inspecting
instrument. The solution containing the cystatin C and the saline was prepared at eight concentrations of the cystatin
C, i.e., 1 fg/ml, 5 fg/ml, 10 fg/ml, 50 fg/ml, 100 fg/ml, 500 fg/ml, 1 pg/ml, and 5 pg/ml. Further, saline (containing no
cystatin C) was also separately stored in the storage portion of the inspecting instrument. The solution containing the
cystatin C and the saline, and the saline each had a refractive index of 1.3.

[0163] Next, an aqueous solution of latex modified with cystatin C antibody (manufactured by SEKISUI MEDICAL
CO., LTD.) was disposed on the lid (cover glass). Next, the aqueous solution of latex modified with cystatin C antibody
was stored in the storage portion of the inspecting instrument.

[0164] Next, after the storage of the aqueous solution of latex modified with cystatin C antibody, the periodic structure
in the inspecting instrument was irradiated with light without removing water, to measure the concentration of the test
substance. The measurement was performed for a reflection spectrum A of the reflected light immediately after (O
minutes) the addition of the solution containing the cystatin C and the saline or the addition of the saline and performed
for a reflection spectrum B of the reflected light after leaving the solution or the saline to stand for 20 minutes. The surface
of the wall having the periodic structure in the inspecting instrument was irradiated with light (white light) at an incident
angle of 15 degrees, and the intensity of light reflected (evaluation light intensity) was measured.

[0165] The wavelength shift between the reflection spectra of the solution containing the cystatin C and the saline was
obtained. The wavelength shift is the difference in peak wavelength between immediately after (0 minutes) the addition
of the solution and after the solution was left to stand for 10 minutes. Similarly, the wavelength shift when the saline was
stored in the storage portion was obtained.

(Example 2)

[0166] A relationship between the concentration of cystatin C and the wavelength shift between reflection spectra was
obtained similarly to in Example 1 except that an amorphous silicon layer having a refractive index of 4.5 was formed
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as the refractive index adjusting layer. The inspecting instrument used is described below in detail.

[0167] Periodic structure of wall: square lattice structure

Period of periodic structure of wall: 460 nm

Radius of protrusions in periodic structure of wall: 115 nm

Wavelength of photonic band gap of periodic structure of wall: 680 nm and 820 nm

Average thickness of refractive index adjusting layer disposed on upper surfaces of protrusions in periodic structure of
wall X: 40 nm

Average thickness of refractive index adjusting layer disposed on side surfaces of protrusions in periodic structure of
wall X: 20 nm

(Comparative Example 1)

[0168] The refractive index adjusting layer was not provided. A solution containing cystatin C and saline was prepared
at thirteen concentrations of the cystatin C, i.e., 1 fg/ml, 5 fg/ml, 10 fg/ml, 50 fg/ml, 100 fg/ml, 500 fg/ml, 1 pg/ml, 5 pg/ml,
10 pg/ml, 50 pg/ml, 100 pg/ml, 500 pg/ml, and 1 ng/mL. Except for these changes, the relationship between the con-
centration of cystatin C and the wavelength shift between reflection spectra was obtained similarly to in Example 1.
[0169] Fig. 15is a graph illustrating the relationship between the concentration of cystatin C and the wavelength shift
between the reflection spectra in Example 1 and Comparative Example 1. In Fig. 15, the horizontal axis (concentration
of cystatin C) is represented logarithmically. Fig. 15 also shows the measurement results of the saline (containing no
cystatin C) in Example 1 and Comparative Example 1.

[0170] As shown in Fig. 15, it is clarified that in Example 1, when the concentration of cystatin C is 1 fg/ml or more,
the wavelength shift increases along with an increase in the concentration of cystatin C. In contrast, it is clarified that in
Comparative Example 1, when the concentration of cystatin C is 5 pg/ml or more, the wavelength shift increases along
with an increase in the concentration of cystatin C. Further, in Example 2 in which the refractive index adjusting layer
was an amorphous silicon layer, the wavelength shift was increased compared to Example 1 in which the refractive
index adjusting layer was a ZnSnOj layer. Accordingly, it is clarified that the present invention is capable of performing
a high-accuracy inspection on the test substance at a concentration of around 1 fg/ml and enables an inspection for the
test substance also in a very low concentration range.

(Example 3)

[0171] Using the inspecting instrument of the third embodiment, a relationship among the average thickness of the
refractive index adjusting layer, the spectrum wavelength, and the reflected light intensity was obtained.

[0172] The inspecting instrument of the third embodiment was prepared. As the material for the wall X, a cycloolefin
resin having a refractive index of 1.5 was used. The shape of the recesses in the periodic structure of the wall X was
made into a cylindrical shape. A ZnSnO4 layer (refractive index adjusting layer) having a refractive index of 2.0 was
formed on the entire surface of the periodic structure by sputtering. Thus, the wall (bottom) was formed by the wall X
and the refractive index adjusting layer, and the periodic structure (the periodic structure of the wall) is formed on the
surface of the wall. The inspecting instrument used is described below in detail.

[0173] Periodic structure of wall: square lattice structure

Period of periodic structure of wall: 460 nm

Radius of recesses in periodic structure of wall: 115 nm

Plane area (opening area) of recess in periodic structure of wall: 41.5 X 103 nm2

Depth of recesses in periodic structure of wall: 200 nm

Wavelength of photonic band gap of periodic structure of wall: 560 nm

Average thickness of refractive index adjusting layer disposed on upper surfaces of recesses in periodic structure of
wall X: 20 nm

Average thickness of refractive index adjusting layer disposed on side surfaces of recesses in periodic structure of wall
X:10 nm

[0174] Next, the bottom of the inspecting instrument was irradiated with light, and the intensity of light reflected on the
bottom was measured.

(Example 4)
[0175] The bottom of the inspecting instrument was irradiated with light and the intensity of light reflected on the bottom
was measured similarly to in Example 3 except that the average thickness of the refractive index adjusting layer was

changed. The inspecting instrument used is described below in detail.
[0176] Periodic structure of wall: square lattice structure
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Period of periodic structure of wall: 460 nm

Radius of recesses in periodic structure of wall: 115 nm

Plane area (opening area) of recess in periodic structure of wall: 41.5 X 103 nm2

Depth of recesses in periodic structure of wall: 200 nm

Wavelength of photonic band gap of periodic structure of wall: 640 nm and 800 nm

Average thickness of refractive index adjusting layer disposed on upper surfaces of recesses in periodic structure of
wall X: 40 nm

Average thickness of refractive index adjusting layer disposed on side surfaces of recesses in periodic structure of wall
X:20 nm

(Comparative Example 2)

[0177] The bottom of the inspecting instrument was irradiated with light and the intensity of light reflected on the bottom
was measured similarly to in Example 3 except that no refractive index adjusting layer was provided.

[0178] Fig. 16 is a graph illustrating the relationship among the average thickness of the refractive index adjusting
layer, the spectrum wavelength, and the reflected light intensity in Examples 3 and 4 and Comparative Example 2.
[0179] As shown in Fig. 16, it is clarified that the inspecting instrument including the refractive index adjusting layer
has a greater intensity of the light reflected on the bottom than the intensity of the light in the inspecting instrument
including no refractive index adjusting layer. This result clarifies that the inspecting instrument including the refractive
index adjusting layer is capable of measuring the concentration of the test substance with higher accuracy than the
inspecting instrument including no refractive index adjusting layer. Further, it is clarified that the intensity of the light
reflected on the bottom is greater when the refractive index adjusting layer disposed on the upper surfaces of the recesses
in the periodic structure of the wall X has an average thickness of 40 nm than when the refractive index adjusting layer
disposed on the upper surfaces of the recesses in the periodic structure of the wall X has an average thickness of 20
nm. This result clarifies that the concentration of the test substance can be measured with higher accuracy when the
refractive index adjusting layer disposed on the upper surfaces of the recesses in the periodic structure of the wall X
has an average thickness of 40 nm than when the refractive index adjusting layer disposed on the upper surfaces of the
recesses in the periodic structure of the wall X has an average thickness of 20 nm.

(Example 5)

[0180] The inspecting instrument of the fourth embodiment was prepared. As the material for the wall X, a cycloolefin
resin having a refractive index of 1.5 was used. The shape of the protrusions in the periodic structure of the wall X was
made into a cylindrical shape. An amorphous silicon layer (refractive index adjusting layer) having a refractive index of
4.5 was formed on the entire surface of the periodic structure of the wall X by sputtering. Thus, the wall (bottom) was
formed by the wall X and the refractive index adjusting layer, and the periodic structure (the periodic structure of the
wall) is formed on the surface of the wall. Cystatin C antibody was fixed onto the surface of the refractive index adjusting
layer using glutaraldehyde as a fixing solution, and then unreacted aldehyde groups were blocked with ethanolamine.
Next, the inspecting instrument was dried. Thus, the surface of the refractive index adjusting layer was modified with
the cystatin C antibody. Except for the matter described above, a relationship between the concentration of cystatin C
and the wavelength shift between reflection spectra was obtained similarly to in Example 1. The inspecting instrument
used is described below in detail.

[0181] Periodic structure of wall: square lattice structure

Period of periodic structure of wall: 460 nm

Radius of protrusions in periodic structure of wall: 115 nm

Wavelength of photonic band gap of periodic structure of wall: 620 nm and 780 nm

Average thickness of refractive index adjusting layer disposed on upper surfaces of protrusions in periodic structure of
wall X: 10 nm

Average thickness of refractive index adjusting layer disposed on side surfaces of protrusions in periodic structure of
wall X: 5 nm

[0182] Fig. 17 is a graph illustrating the relationship between the concentration of cystatin C and the wavelength shift
between the reflection spectra in Example 5. In Fig. 17, the horizontal axis (concentration of cystatin C) is represented
logarithmically. Fig. 17 also shows the measurement result of the saline (containing no cystatin C) in Example 5. In Fig.
17,"1.0E-10" means "1.0 X 10-19," "1.0E-12" means "1.0 X 10-12," "1.0E-14" means "1.0 X 10-14," and "1.0E-16" means
"1.0 X 10°16."
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(Example 6)

[0183] A relationship among the wavelength of a photonic band gap, the period of a periodic structure of a wall, and
the radius of protrusions or recesses in the periodic structure of the wall was obtained by simulations. In these simulations,
the following dimensions and the like are set.

Periodic structure of wall: square lattice structure

[0184] The period was changed to 150 nm, 200 nm, 250 nm, or 300 nm so that the ratio (period/radius) of the period
(nm) of the periodic structure of the wall to the radius (nm) of the protrusions or the recesses in the periodic structure of
the wall became 0.18.

[0185] Refractive index adjusting layer: silicon layer

Average thickness of refractive index adjusting layer disposed on upper surfaces of protrusions in periodic structure of
wall X: 10 nm

Average thickness of refractive index adjusting layer disposed on side surfaces of protrusions in periodic structure of
wall X: 10 nm

[0186] Fig. 18 is a graph illustrating the relationship, which was obtained by the simulations, between the radius of
protrusions or recesses in a periodic structure of a wall and the wavelength of a photonic band gap of the periodic
structure of the wall. In Fig. 18, the horizontal axis is the radius (nm) of protrusions or recesses in a periodic structure
of a wall, and the vertical axis is the wavelength (nm) of a photonic band gap of the periodic structure of the wall.

(Example 7)

[0187] The wavelength spectra of photonic band gaps in an inspecting instrument having the following dimensions
and the like were obtained by simulations. The resultant wavelength spectra were plotted, with the horizontal axis
representing the refractive index of photonic crystals (the refractive index of periodic structures) and the vertical axis
representing the maximum wavelength at a wavelength of around 560 nm or the maximum wavelength at a wavelength
of around 720 nm, and an inclination (A) of the resultant approximate straight line was obtained.

[0188] Refractive index of photonic crystal: 1, 1.05, 1.1, 1.15, 1.2, 1.25, 1.3, and 1.35

Periodic structure of wall: square lattice structure

Period of periodic structure of wall: 300 nm

Radius of protrusions in periodic structure of wall: 54 nm

Refractive index adjusting layer: silicon layer

Average thickness of refractive index adjusting layer disposed on upper surfaces of protrusions in periodic structure of
wall X: 10 nm

Average thickness of refractive index adjusting layer disposed on side surfaces of protrusions in periodic structure of
wall X: 10 nm

[0189] Theradius of the protrusions in the periodic structures of the walls was appropriately changed, and an inclination
(A) of the approximate straight line was obtained similarly to the above.

[0190] A plurality of approximate straight lines were plotted with the horizontal axis representing the radius of the
protrusions in the periodic structures of the walls and the vertical axis representing the inclination (A) of the approximate
straight lines. Fig. 19 is a graph illustrating a relationship, which was obtained by the simulations, between the radius of
the protrusions in the periodic structures of the walls and the inclination (A) of the plurality of approximate straight lines.
The approximate straight line having a greater inclination means more excellent detection sensitivity.

(Example 8)

[0191] The wavelength spectra of photonic band gaps in an inspecting instrument having the following dimensions
and the like were obtained by simulations similarly to in Example 7. The resultant wavelength spectra were plotted, with
the horizontal axis representing the refractive index of photonic crystals (the refractive index of periodic structures) and
the vertical axis representing the maximum wavelength at a wavelength of around 560 nm or the maximum wavelength
at a wavelength of around 850 nm, and an inclination (A) of the resultant approximate straight line was obtained.
[0192] Refractive index of photonic crystal: 1, 1.05, 1.1, 1.15, 1.2, 1.25, 1.3, and 1.35

Periodic structure of wall: triangular lattice structure

Period of periodic structure of wall: 460 nm

Radius of protrusions in periodic structure of wall: 125 nm

Refractive index adjusting layer: silicon layer

Average thickness of refractive index adjusting layer disposed on upper surfaces of protrusions in periodic structure of
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wall X: 10 nm

Average thickness of refractive index adjusting layer disposed on side surfaces of protrusions in periodic structure of
wall X: 10 nm

[0193] Theradius of the protrusions in the periodic structures of the walls was appropriately changed, and an inclination
(A) of the approximate straight line was obtained similarly to the above.

[0194] A plurality of approximate straight lines were plotted with the horizontal axis representing the radius of the
protrusions in the periodic structures of the walls and the vertical axis representing the inclination (A) of the approximate
straight lines. Fig. 20 is a graph illustrating a relationship, which was obtained by the simulations, between the radius of
the protrusions in the periodic structures of the walls and the inclination (A) of the plurality of approximate straight lines.

EXPLANATION OF SYMBOLS
[0195]

1: Inspecting instrument

2: Storage portion

3: Bottom (wall)

3A: Periodic structure (periodic structure of wall)
3a: Recess (recess of wall)

4: Side wall

5: Lid

6: Compound

7: Refractive index adjusting layer
8: Introduction portion

11: Inspecting instrument

12: Storage portion

13: Bottom (wall)

13A: Periodic structure (periodic structure of wall)
13a: Recess (recess of wall)

14: Side wall

15: Lid

17: Refractive index adjusting layer
20: Inspecting device

28: Light source

29: Measuring device

33: Bottom (wall)

33A: Periodic structure (periodic structure of wall)
33a: Recess (recess of wall)

36: Compound

37: Refractive index adjusting layer
40: Inspecting device

44: Installation portion

47: Flow path

56: Compound

57: Antibody

d: Period

r 4 ro: Radius

Claims

1. Aninspecting method for measuring, using a test substance-containing solution containing a test substance and a
liquid, a concentration of the test substance, which is contained in the test substance-containing solution, in the liquid,
the inspecting method using an inspecting instrument,
the inspecting instrument including a wall that has a periodic structure resulting from a plurality of recesses or a
plurality of protrusions,
the plurality of recesses or the plurality of protrusions including a refractive index adjusting layer on surfaces thereof,
the refractive index adjusting layer being a layer having a refractive index of 0.7 or more greater than a refractive
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index of the test substance-containing solution or being a silicon layer,
the inspecting method comprising the steps of:

measuring a reference light intensity by irradiating the periodic structure with light while the liquid has been
introduced into the inspecting instrument;

measuring an evaluation light intensity by irradiating the periodic structure with light while the test substance-
containing solution has been introduced into the inspecting instrument and the test substance and the liquid
are present; and

acquiring a relative value between the reference light intensity and the evaluation light intensity, and

the inspecting method comparing the relative value obtained when a specimen with a known concentration of
the test substance is introduced into the inspecting instrument, to the relative value obtained when a specimen
with an unknown concentration of the test substance is introduced into the inspecting instrument, to determine
the concentration of the test substance in the specimen with the unknown concentration of the test substance.

The inspecting method according to claim 1, wherein

the inspecting instrument includes a compound capable of producing a granular substance through a reaction with
the test substance, or a compound that is capable of being bound with the test substance and is a granular substance,
and

in the step of measuring the evaluation light intensity, the evaluation light intensity is measured by irradiating the
periodic structure with light while the test substance-containing solution has been introduced into the inspecting
instrument and the granular substance is deposited on the refractive index adjusting layer.

The inspecting method according to claim 1 or 2, wherein the refractive index adjusting layer is the layer having a
refractive index of 0.7 or more greater than the refractive index of the test substance-containing solution.

The inspecting method according to any one of claims 1 to 3, wherein the refractive index adjusting layer is the
silicon layer.

The inspecting method according to claim 4, wherein the silicon layer is a monocrystalline silicon layer, a polycrys-
talline silicon layer, a microcrystalline silicon layer, or an amorphous silicon layer.

The inspecting method according to claim 4 or 5, wherein the silicon layer is the amorphous silicon layer.

The inspecting method according to any one of claims 1 to 6, wherein the test substance-containing solution is a
solution containing a biological sample.

An inspecting instrument being used for measuring, using a test substance-containing solution containing a test
substance and a liquid, a concentration of the test substance, which is contained in the test substance-containing
solution, in the liquid,

the inspecting instrument comprising a wall that has a periodic structure resulting from a plurality of recesses or a
plurality of protrusions,

the plurality of recesses or the plurality of protrusions including a refractive index adjusting layer on surfaces thereof,
and

the refractive index adjusting layer being a layer having a refractive index greater than a refractive index of the test
substance-containing solution or being a silicon layer.

The inspecting instrument according to claim 8, wherein the refractive index adjusting layer is the layer having a
refractive index greater than the refractive index of the test substance-containing solution.

The inspecting instrument according to claim 9, wherein the refractive index adjusting layer is a layer having a
refractive index of 0.7 or more greater than the refractive index of the test substance-containing solution.

The inspecting instrument according to any one of claims 8 to 10, wherein the refractive index adjusting layer is a
layer having a refractive index of 1.8 or more

The inspecting instrument according to any one of claims 8 to 11, wherein the refractive index adjusting layer contains
a metallic element.
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The inspecting instrument according to any one of claims 8 to 12, wherein the refractive index adjusting layer is the
silicon layer.

The inspecting instrument according to claim 13, wherein the silicon layer is a monocrystalline silicon layer, a
polycrystalline silicon layer, a microcrystalline silicon layer, or an amorphous silicon layer.

The inspecting instrument according to claim 13 or 14, wherein the silicon layer is the amorphous silicon layer.

The inspecting instrument according to any one of claims 8 to 15, wherein the refractive index adjusting layer has
an average thickness of 1 nm or more and 100 nm or less.

The inspecting instrument according to any one of claims 8 to 16, comprising a compound capable of producing a
granular substance through a reaction with the test substance, or a compound that is capable of being bound with
the test substance and is a granular substance.

The inspecting instrument according to claim 17, wherein the compound is not in contact with the refractive index
adjusting layer and is disposed at a position away from the refractive index adjusting layer.

The inspecting instrument according to claim 17 or 18, wherein the compound is disposed on a surface of the
refractive index adjusting layer.

The inspecting instrument according to any one of claims 17 to 19, wherein

when the inspecting instrument comprises the compound capable of producing a granular substance through a
reaction with the test substance, the compound capable of producing a granular substance through a reaction with
the test substance is a compound capable of producing a granular substance in aggregation through a reaction with
the test substance, and

when the inspecting instrument comprises the compound that is capable of being bound with the test substance
and is a granular substance, the compound that is capable of being bound with the test substance and is a granular
substance is a compound that is bound with the test substance and is thus capable of producing a granular substance
in aggregation.

The inspecting instrument according to any one of claims 17 to 20, comprising the compound that is capable of
being bound with the test substance and is a granular substance, wherein

the test substance contains an antigen, and

the compound contains an antibody.

The inspecting instrument according to any one of claims 17 to 20, comprising the compound capable of producing
a granular substance through a reaction with the test substance, wherein

the test substance is glycolipid, and

the compound is an enzyme capable of being reacted with the glycolipid.

The inspecting instrument according to any one of claims 17 to 20, comprising the compound capable of producing
a granular substance through a reaction with the test substance, wherein

the test substance is endotoxin, and

the compound is LAL reagent.

The inspecting instrument according to any one of claims 8 to 23, wherein the test substance-containing solution is
a solution containing a biological sample.

The inspecting instrument according to any one of claims 8 to 24, being a microchip.
An inspecting device comprising:
the inspecting instrument according to any one of claims 8 to 25;
a light source for irradiating the periodic structure in the inspecting instrument with light; and

a measuring device for measuring an intensity of light emitted from the light source and reflected on the periodic
structure.
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[FIG. 1.]

3A

IA

—————————
I3
'3

\
1S

”™ I3
T
LAY Ly}

e e S

I
i
[
Y
[y
[}
'
_——t -
~
o
0

25



.Y

EP 3 832 292 A1

[FIG. 3.]
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[FIG. 6.]
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[FIG. 8]
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[FIG. 11.]
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[FIG 13.]
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[FIG. 17.]
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[FIG. 19.]
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